
qGES AND TYPES OF HERBICIDE RESIDUES IN WELL t- 

WATERS OF FRESNO AND TlJLARE COUNTIES, CALIFORNIA 

S T A E  E F  CALIFORNIA 
Environrn@ntw% Protectiarl jl'agerrcy 

D:"3epadmen of Pss t i c id~  ReguBation 
Environmental Mox~itsring and Pest Managemsnt ilranch 

Environmental Hazards ,Ass@2ssm~nt Program 
Saeram~nta, California 95874-5524 



AGES AND TYPES OF iJEl4'r:-%IGI?F1 FSESODUb-S 1N WEl L VVrS I"FI<S Of 

ITF3FYN0 AND 7 kfl-d\RE CiOUNTIES, CAhlFa3RNlA 

Env~rconmentgdi Hazards Assesurn~nf Program 

Envisor~runerrtai Mon~taring and Pest Marsagentent Drsrsck 

Departrrlenl of Pesticide R~ag~~iation 

Sacran~ento, Gslifc>rrs~a 95f214 



A strrdy was ccar~clucteel r r l  citrus- and  rape-91-0wing artaas :>f Frosno ancl Tular-cb 

::tslrrjlre?s "t (11 r es$~i?~;qtc the l~rrle L~erweerl ;~pylrcstiofs of pr-t.e17iegrgk?nt ht::.bre:~des 

2nd I h e ~  S L I ~ S C ~ L J E ~ ~  deteclior\ in well i%ialcrs. (2) dctcrm~ne wirutlse~ I~erbic~be 

cor~e,er?lratror'lI; Irl 30 wells Ililti changed bet we or^ 1994 41i3d 4 996, anel ( 3 )  

eilaluate Ihc concsndr'atirsrls of twcs N-de&2!~ylate?d srrrsazine tdegradatcs Itlee;rt9,1yl 

sllnamrne or Dl--S, nr-ICY d~aru~~rrocl.~larolr~a~ir~e or DACT] ill :.;inrzaz~rrts pss~tivo we21ls. 

No e:hange I r r  lrerb~ctds i;orrcerrtri~tiovls jsrmazlrle, DES, d~~lron,  ~ ~ n r ;  brornscrl) of 

30 wolls wzas ev~dent betweerr "194 and 11496 (s~grred rank p=O 22). Sirvr;s;l~me 

ilerblcido accounted for r rn l \~  "i-20i?:11 of the trrazrtJs rssidirss derermlrred i r ~  the 

well water san-rples; cotsc~r\ tr~t~o~ss of tile ttlixz11'1e dcgradates DES and SPACI 

wsre grealar tl.lao-1 sivr~nzins rn nearly ell wells More th:m 21'3 of I t - e  wsil water 

sawlpios cor~taiv~ed det~etable levels of d~lrrsr~ a~sd!or' brot~~acil, while '1/3 of t1?s 

wells corstasrsed all five residues ( a ~ r ~ ~ a z ~ n e .  DES, 3AC 1 , diuron, and bro~nacil), 

C;hlsrsfl~rorocarbors (GFC) ago-dating corrrbine~l with one-dirnerasional vadnse 

socle transgcfl ro~odsling yleided an estimate for the r~~ediar~ Zirns between 

hsrb~cide appilcation and subssqueslt detectrcarr in 10 wells of 7 8 years. "rklsse 

results ir~dicals that any ctrarsges in graund water elual~ty arisrng frorva risarsciatury 

adoption sf regulatory herbicrw controls csr wide-sprc;>d voluntary adoption of 

rdgricuit~rral rnarlagerr-lent practices to profscl graur~d water will pro5ably not be 

tliseararjble for at [east decarle, 



Tills study wtis conducted ~ r i  cooperatlon witl-r tho Uir~ead Slates Gecalogrcral 
Survc.g, (USGS) I ttsar3k tt7e USGS scientjsts ivho 11arl1c:1p81zci iri cl~scuss~ons o n  
CFC age-dat~ng 2nd cjrour-rd walor Irydrolsgij rrg I-resrlu arltl r~rlare Courstnes, 
~rlclcading Nerl Oubrovsky, Kai'eri Btrrrows arrd kd L3ust>rrb~sg, irn6 ttl-lose who 
:i:isistetl wrtl~ the ct~iotcrftrc;tc?caibsrp sarnpl~r~g. D'IV~? Krenler and Kurl f; ay A 
.;;$~c::lal lBlarlle yirtr to C"k4F"M staff L V ~ O  cor~f.d~~e:le<J flie firsf sampl~r~g for he r s~c~des  
in July 1998 Passi.1 Wofor-d, Claliee Ar~do, Cindy Gs~rcra, and DPC &lee Jones 

DISCLAIMER 

The nlslrticn sf commerc~al products, their source, or use in cor'irrect~sn with lise 
I-naterial r-eps~ed here111 1s not Is be csr- str rued as an actlral or implied 
endorsenrent of scretr y rod~~c t  
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ile~e~tions of $ 1 . 1 ~  $21 e(?rr1e1cge:nl harbic~des slcnazine, diur OYI, and brt~irr;-lctl have heen 

fo~lrnd Irr several hrrtrtdred I'rcta~~sj a n d  Tulare C ~ t ~ n f y  we11s, T~I~sE? herb~c~dcs ale 

ysrin'iartly ;,~ssocr,jted wrth gr,Ppch arirl cltnrr; ~3rodb1cllr~f1 1̂ 11e ~ -^_~~v I~ ' o~~ IT I~ I I ~~ I  k l ~ 1 ~ 8 f d s  

Assessnsent P~ogrs~rn (%_I-4AFJj; (15 tire LSct?parlnser~t of i-'t?st~crde Ke<g~ila"rlon 1s csnd~ict~ng a 

volclrrtciry pr-ogratrr 10 r~rrlrgate glot~nd bvaier contam~r~atlors III citrus- (2nd gr'dpe- 

g~r'odircing areas r r i  I resrso ar~d Tcrlare cour7t16-~~ rhe  O~JP!C~IVCS 01. the !jtapeic~frkirS 

~~ro jec t  are to i d e ~ ~ t ~ f y  and enccsuragt-, Xhe ;:idoptroli at rv.rc)dif~ed fa!-r7-i rnarri~gernerrt 

pr-:~ctre~s that rechrce or s:lrn~nale f?erblc~de rr~sve~nerrt tca grolind water iii dlscerssrr_7rrs 

wltl.1 growcis, corrrrr~od~ey groups, tdiiitl registrar'ots, a i ~ u ~ w h ~ ! r  nf qiaest~sr~s freqtranliy 

i i r  )so Two OF tlluse are: 

'I Uo t.g~lrrcnt farrnrr~cl practices ccrr"rrrbtrte tc*, groland water c:ontar~r~nation, or are the 

s.lelectical~s a result of Isistsricsi a{ ~yll~cat~or-ra"~ 

2 ,  Arc herbicirde concentratlolls it-i wells increasing or decr~>:~sing'~ 

The I ~ r s l  q~rssfiorr r equlres knowlk2dge of 111e tirnc~ irglewal beween applicatr~n and 

detec:tl~on in water wells Moven~ent of a herbicide frar~t the- ;.site 04 appl~catiasr~ to 

detcc:l~ors at the well c,e:reerl can be v~sualrzed as ~ecurrirlg in two steps (fig, 5 )  (1) 

lnuverrient frorvi the lav~nt of applrcat~ban to the water table, atrd (2 )  movement kom the 

water tsbls be the well screen '1'11~5 travel t l n w  filjr rrrovernent fronr tJ1e ~ T O L ~ I P ~  surface to 

t!ae water table urrder leacl-iing corrditions can be estrmaked frsrn or-rs-dimsns~owal 

vadose zoise transpo~ ~lsiadelirlg rJslrrg sol! prtlfil~, irr~sat~on, and c r ~ p  water retju~rei~-ierIt 

data, Sucf~ an estrmsted 1eackrng trevel C~frrie would Ise r:t3rsssrvatrvs (i,!z , an 

ovet-est i i~at~) in areas where nluvernent to ground water oeckrrs I;y a d~reck trar-)sport 

rnechanlsrro Y L I G ~  ;IS s~lr"h;?llne W&%@I runoff lo dry wells, 'Pile ti-ansport time for step ( 2 )  

above 1s equal to the ""effective recharge age" of a sampled water parcel assumlrrg tire 

t r k ~ r ~ s p o ~  ueloc~ly of the herbicide arrd the water are esscrst~ally equal, Scie~~tasts wrlk the 

Urlited States Gecslog~cal Survey (LISGS) have developsrd a nwttroe for eslint~ting the 



tifFcct~ve reci"ra1~7e age of shallow grourjd watt+rs l?y ui;rrig ci~Itartjflt~or'eearbsn (CFrCs) 

r e  'I his rsre?thod is used to CS~IIII~I~~? thts ler~gth of EHIIP  bellw@crr t?ntry 01 8 WBI~I. 

piarc@l tcs t he  wdtcr tak~le arod srlbseq~rerrt saurplrng frorrr Ihe depth of n well's perforrsjted 

~nter\/;lI ( f~q  1 ). A br~ef dssenytron of CFC; dat~rsg 1s g l~~e i -~  111 the Malerrals ;~nsd Me1/?3ds 

seclic~n. ;a det:~~lcd alsalysrs of tl-re Irni~l~~trons, itssLIrnptlorrs, ancr appl~cat io~~s o K F C  

irgc-datir~g are ava~fal.rlc r i r  a r-rtrrrlbes' of r ~ c e n t  sr~arl~es and revlewils ('1. 10) 

1 he second cylnsticin of whclloer there 1s a ter'r~psral groarr~d *fsk:r ccncsntratlon trend 

requlres repeat sarnpi~nij data for ~ O S I ~ I V E  w~ I Is  Srreh data tor citrrenlly racqrs"terad 

gsestlcrdes are sparse: the Focr.rs of EI-IAPk ?-,weII ~ ~ ~ n i p i ~ r i g  progranl has been to identify 

!sew ar s' s of ctanta~r~~rlat~on arsd new g r o u ~ ~ d  illatel c~nEa~s-lrlsa~iits 

A tl~ird rrnpsdarjt topic rs tire cxlent to whlclr herbicide deyradates contribute lo  total 

I~erbiciaa resrclue load in pss~tlve wells This questior~ 1s espec~atly ~mportant for s- 

ehlarotriazrne harb~cldes such as sirnazine, The rrrsst ccmmors stlrsaarne d~grada tes  

(fig. 2) fourrd Irr 91-orirrd water are the stepwise N-ijealkylatk?d prodrrcts deelhyl sirnaz~rrg 

(DES) and dlarwnnuehlorotriazine (DAC7) LIES and DAGT' are relatively persistent, their 

lox~cological propedies have not been fully r:lr:2raet~:rized, and, sir-rsilar to srnsazlne, they 

Bioth possess the trtartne rtng The~r strcrct~lral s~m~iarily to slrrrarirre suggests 8 cornmots 

"iow~cological mode of action f o r  srmazirse, DES, arjd DAC7' ("1 1) Based on these 

character isties, it has been r~cors-~mendsd that health arlvtsory levels set for triazine 

parents he appir~d to the total csncerslration sfparent plus degradates [Wiscansirr 

Ground-\62lster Act 410 ("la33 ),~.~le ursder the I-avv, Enfcrcerrrer~t Stenddard, Chapter 

NR, Wlscc_rris~n ADM CODE (-1 991)] Stmam~ne arrd both degradatss, DES and DACT, 

have been determined in only orre ~lrev~ous California sbtrdy of 29 wells ("12) -" - in that 

study 9 wells, rsr 43% of those ssmpied, exceeded tho Maxrn~urn Gcsritamir~ant L.evc! 

(MCL) of 4 parts per brll~cn (ppb) for sirnarine as applied to the sun] of intact tr~azirre 

ring residues slmazlrre, DES, and DAGT, Fufihar data are needad Ic characlsnze the 

i;sresErsce sf these degradates iri F~ESIIQ a r ~ d  'Tulare County wells 



'i"kc obiect~ves of th~s study werP to 

1,  esein~ats the "'effective reellarge agc3"of triarine-conta~t~tr~$a well water samples, Illat 

is, the travel time $sheen the water table and Ihc well screen, 

. estlnlate the l ~ ~ n e  between I~erbrcrde applrcatiorl arsd SLI bseq~~ent delectror~ 11'1 $41 o~rrsd 

waier slsing the  effectrva rc!ci~args age and the modeled rravel "iirns from1 the s~irface. 

:I measure sirna~ine, DES, diuron, and br.sn-racil corrcenlrarior~s iro positive wells IhaQ 

Irad beer) prev~oi.isly beer1 sarnpled In "1994 l o  evaluate arly possible temporal trends 

111 concen1raLior1, arid 

4, detel-rrs~~se t:oncenlratisn levels and occurrence of N-dealkylated sirnazine 

degradatss Irs simsrlne pws~trve wells, 







Figuers 4. ChloroFItrorocarb~~n tracers and pr~ncipal uses 
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tl-rsl water bebco~nes rsol:~tc?d frtsrn tht: -,v;-atlose atrniraptscsre, I e , when that wafer- enf~rs 

lkt? saIrrr atcd zunc icjqi~~fer) 'rhc CFL; ;~rrlwater equ~l~brilrm 1s des@nb~?ca by tlrc 

rcsgeotive Hculry s iavi constant for each CFG .lkese ct:rrslants have been accnrately 

(letsrm~rsed as a Ii~r~clion of tsr~~perat~lr-e ("1, "- 15) Thus, provided the rechc3iiye2 

ler-i.l?erati~rc* is krlswrr, atltrecltls CFC: ccsrlcenlral~ons I[? a well water. sarnpte con be wed 
-. -- 9 lo derc?i.rrsine v;tdosc> aatrt~ospl.ssrs !,EL coneentrat~or~s at the trr-rre ;a water garcsl snlers 

nn aqa~ifer ,at Ih,? cmapiliar-y frrnge of ti12 saturr-rled i ~ n s ,  arjtl 8 1 ~  year that the water 

entered the aquifer carr su5seqrrently be deterrn~tsed Iroiv t h ~  alrnssphsr IC grcwtl.1 

t:.:urves (f~rj. 5 )  

Marly gror l 1 ~ 9  watoa I,Y- (3 :icjcb-,clat~~~$j st!.idies hnve u.;ec"ldissolvod gas concr;:~rl.rafs~,ns 

(rlrtl-ogjerr and argorr) to estlrrlatf? grourrc-d wartar recharge lempe;.;alkrra ( 8 ,  -- 'I 8 )  While the  

~sroeetlur-E? ha9 beer~ i~sefli! for ~ c ~ ~ I - ~ ~ J F I c ~ ~ ~ ~ L I T ~ I  areas, it 1s also krrown that the use of 

tlissc_?jved gases to estltr~ale rceharge tsrrrperature 1s prsblematic in areas where 

iectrarg-je IS domirsnled by rn-igatrun water appf~cat~cr-rs, and where r?ilrsyen ferlilizcr lase 

is srg nificaril (t. B~rser'lberg, U S,  Guotogtcai Suwey, perso~al cor~~tnurr~calisn) As an 

alternate approach. seasonal so11 tsmpevature varratisr~s dscreass w~th  depth, 

apprsaels~ng a corlstant value near %he mean araniaai air kemilerature at depths below a 

Few rt~eters, In this study, ~2 mean recllarge lemperatadr.e of " i7"C --. that is, tire mean 

temperature at Ihs bnsa sf the unsaturated zone (-- 3Brn below gr6;iund s ~ l ~ a c e )  -- W ~ S  

23sl;ignad based on 18 year rnenr-r air temperature data from Fresno,  orang^ Gcve, 

Lindsay, errd Vlsalra The rnsarg annunl air Zernperalure is expected ta closely 

approximate the mean ~ectrarge ternperattire at dcpths grGater thari a few rrletars irt the 

abscncs cf slgniificant geologic heatirrg (8, "I) - a 



Tabk 3, Sumrmary of herbrcide -:ailalyllc:al results for tlse July 1996 (First) serrlpl~ng of 30 
rlornestlc wells 

I ppb , 

I - - -- - - - * a * - a -  ,. -- 
O/o ~ o & ~ ( v Q  [ 97 l o o  

rn~dian cane. 
n"1311 

standard d@v, 
maximum 
minimelm 

* 

A DES = deothyi simi3zrna, DAC-I' - d~awr~nochlc~rsl~'~az~s~e 
D Ni l  --. r-sor rdst~c;t, ~nedian and maan coneentrat~ons calcu9atsd assurnir~g ND -- 0 
I: More tlsan 50% CIS brol~~acil FI-EI~~SBS were r~~ndetects 

Figure 7. Mean and starrdard deviatiorr of t r~a t~ne concentratlons in JO dot-nestle wells 
salrlplecJ in J L I ~ ~  1996 



Figurs 8 C=~ITIF~R~ISOTO 05 811 analyses csnd~~cbed rrl both ?$I94 arid Jcily 
"198 L.ins shows where all data VVOUII~ fsll rf 'I996 csncsnlrations were 
exactly equal b~ 1094 cor~cer~rtratisr~s includes ~nsiysis f a -  simazine, DES 
brsrnaeil and diuran, A signed rank test indicates that ths d~flererrce 
betweeto 4 994 and 1896 corscentrations is r~ot differsnt tf\m=i zero (p= 0.22). 



Dorrre.si",c wells I- !va of the 23 clsr-rrest~c wells s;~rurpletl !/lelded cc~lctilatc?c'l CIF3Z: 

r:c>s~::r+ntr:jttotIs that c?xr:eeded tllc c:snt~rser~tsl rn~xirig rdtm (appc5ndirc ;+I Tkre eslrnlatcd 

rr?charge ages of Itre rcrnalnlniq '17 domcst~c wc?lk ~ijnc-jed trc1111 1 ~ I I  3'1 ~t!ar:;, wttk 3 

ru~ediair age of (.; years (fly 18) Elevated levels of C:FCs Irr the 5 wells rlrzmy [l;t9~(-3 bee11 a 

result oF cont:rr~~~r~;xt~crrs Sewa!;le IS !~<nnwn tr-I i~fter~ cont;:lrn very I ~ ~ g l r  levels 01 CFCs 

(ib,g J )  local ;~trlltsspirorrt:: (:fZC r5xcesses of the rnagnik~de requlred to explssis O P ~ O S ~  of 

t f i ~  eievated CFC Ievels In tile ~r\cel!s ;arc? i;nlilaely II rs e\~rdt?r~l that C:rC I I 3  

cu!)%ani~rralion 1s preserlt in nllariy of I k s  welk, iirnit~nsg ti's ~~sefralrress ',IS grdtrroct water 

datlr.ig tracer. This res~ll t  rs cc:nsisten-i: with rt's w~despf'k?ad use as a solvent, aild 11% high 

I I ~ I S G I ~ I ~ I ~ ~  oils ~ m d  greases i i - .  5) At; noted prevrc-rusly, few lf 811y ground water st~ad~es 

klavu repmted ustr-Eg GFC- 'i 13: it's a~ial~r.:at~orr rn this s t~ idy  was e~xpenmelatal CFC 12 

rarld CI-(3;-"1 dcrjpeear lo kc sclperior age-dal~ng tracer's. 

The effec:tlve recltarsle eges rn figure '10 re;.rescn% the bchveeol arrival at the water 

tsl-~le ofthe- water sarilpled and the acttral snmpiing event (ACI~LIS~, -1996) TO estiniate 

the t ~ r ~ ~ e  between application arsel detecriun of the herbicides, the traval time frorn the 

~r'ounti surface to the water labie rn~lst also he accounted far. One-dirnensionc3i vsdsse 

zone nladeling of pesticide leach~ng to graund water yielded a:) sstrrnats fcv- the surface 

to water table travel time r j f  1- 3 years Those data ~nd~cate t91a4 the  de"tctiat~s in the 

1 7  dorr~osttc: wells are assoc~ated with herbicide applieal~ons rarsgrng from 3-33 years 

ago, with more khan half sf the dakecticsr~s associated will-1 appticai"~ons nrade i t s  the last 

8 years 

Frnally, tI1e1-e was no apparent rt?Iationship betulleen estilrsated reeharga ages arid 

I.\arbieide concentratios-ls, surl type (pan v s  coars~), or Oraction sf Ir'tazine degradatas (.-- 

[DFS -t- DACT]/[BES + BACT + srtnazr~ne]), 



'1 lrs F[ki?.s110 ar~d Tufare County wells that are posit~ve for slrnazir>e, slmarlne resideres 

cc119stlttRe oniy a frar,"rion of t h e  total trbzrnc? rzsodrres kjresent, IQ this sttrdy around 

10--9094, While no well water sampl~s in tlr~s htbrdy eont81ned ""ttaalr?tr~azirse rssldtre 

c~rscer~tratrcsrrs rsiinwsrne DES 1 DAC'PT) that exceeded the slrrrazlne MCI, sf 4 ppb, 

:;cvcral wctls n ~ ~ ~ ~ r o a c h e d  thrs Icvel, the r~~axinsurn total triazrne rc:siduss obscrvcg.d Ira 

this study was 3 O ppb, or 35y0 sf the slmFzlrre MCI, 

More than 213 of the wells also conkairoed detectable leveis sf cirur~n arrd/or 

k1101'~1aci(, wh~ie '1/3 of th6 weIIs conta~r~op? detectable levels c ~ f  all five rcs~duss 

brornacrl, diuron, slrwaane, UES, and CACT (repofling I"rmit of 0 05 ppb). 

3 There was rlo dstsdabie ci-rangs in herbicide c~ncenlra'llot.rs In the 38 dom~slrc 

wslls over 81-1~ 2 year tms period bolw~er~ 2 984 as14 1998, 

4, Estimated times beMeo11 ts~rhscids appl~cat~nn and subssquerrt dotectiorr in wall 

water ranged from 2 - =  33 years, wrfh more then half of the detodions associated 
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